ABSTRACT -The use of the Roundup Ready ® technology and the cultivation of a second crop influence the floristic composition of weed communities in Brazilian Central-West region cropping systems. This study has aimed to diagnose the dominant weed species in southwestern Goiás in areas of genetically-modified and conventional soybeans, using phytosociological and floristic surveys. Weed sampling was obtained by collecting all the plants present within a 0.5 m hollow frame, randomly thrown 20 times in each of thirty-five agricultural areas in the 2012/2013 harvest. Field survey was carried out in three periods: before desiccation for soybean sowing, before postemergence herbicide in soybean first application and before postemergence herbicide application in late harvest. A total of 525 m 2 was inventoried and 3,219 weeds were collected, which included 79 species, 58 genera and 28 families. Families Poaceae, Asteraceae, Euphorbiaceae, Fabaceae, Amaranthaceae, were the most representative in the survey. Species Cenchrus echinatus, Glycine max, Chamaesyce hirta, Commelina benghalensis, and Alternanthera tenella stood out in importance. The RR+millet soybean treatment had the highest number of species (44), while the conventional soybean + sorghum treatment had the lowest number of species (18). The highest number of species was recorded in first sampling period. Treatments conventional soybean + maize and conventional soybean + millet showed higher similarity (70%), while treatments RR soybean + millet and conventional soybean + sorghum showed the least (51%). Species of difficult control were recorded in all cultivation systems analyzed.
INTRODUCTION
The cultivation of glyphosate-tolerant soybeans significantly alters the chemical control mechanisms in Brazil. In recent decades, this has been the main weed control tool in Brazilian agroecosystems (Balbinot Jr. & Veiga, 2014) .
The expansion of the areas that use Roundup Ready ® (RR) soybeans associated with second crop cultivation are notably the main changes diagnosed in agricultural systems focused on grain production. These changes have a direct influence on the weeds population dynamics in different crop rotation/succession systems.
After the release of the RR soybean in the 2003/04 harvest, there was a rapid growth of the cultivated area with such materials, increasing the use of glyphosate across the country (Fialho et al., 2011) . Several reasons are given to justify the rapid adoption of this technology: 1) broad spectrum of action; 2) action in both early and late postemergence; 3) simplification of the process of choosing herbicides; 4) decrease in the occurrence of visual symptoms in soybean plants; 5) no carryover problems; and 6) control of perennial or annual species (Barros et al., 2014) .
Prior identification of weeds is the first step in planning the best control methods in cropping systems. The highest population densities and the most harmful species in agricultural areas must be observed, from conducting floristic and phytosociological studies (Pitelli, 2000; Cruz et al., 2009) .
The presence of weeds in agricultural areas can cause losses in grain yield, mainly due to competition for water, light and nutrients. Most often, these growth factors are insufficient even for the development of the main culture (Radosevich et al., 1997) .
Southwestern Goiás has become one of the main responsible areas for the domestic growth of grain production. Soybeans cultivation in the harvest and maize, sorghum and millet in the late harvest have included this region in the economic dynamics of the country. Conducting research that support these production systems is critical to increased agricultural expansion, making the agroecosystems more efficient and balanced.
The expansion of direct seeding and increased use of RR soybeans have modified the management mechanisms and chemical control in southwestern Goiás. These changes influence the floristic composition and population dynamics of weeds. However, few studies have been conducted about the weed communities in this region.
Considering the changes in southwestern Goiás cropping systems, this study has aimed to diagnose and compare the predominant weed species in agricultural areas which grow glyphosate-tolerant soybeans and conventional soybeans in the first season with different crops in late harvest.
MATERIAL AND METHODS
The areas of this study are located in southwestern Goiás farms. Field surveys have covered Brazilian municipalities Rio Verde, Santa Helena de Goiás, Santo Antônio da Barra, and Montividiu, in the 2012/2013 harvest between the months of June 2012 and July 2013.
Regarding the Köppen-Geiger classification, the studied municipalities have an Aw climate, with average temperatures of 23.0 to 24.3 o C and average annual rainfall of 1510-1663 mm, with the highest concentration in the summer. Winter are dry, with mild temperatures and no rain between the months of May and September. The soils of the region are types dystrophic red latosol and dystrophic red latosol (Santos et al., 2011) .
Field surveys took place in seven production systems (treatments), with five replications in different properties that had at least three consecutive years of implementation, totaling 35 agricultural areas (Table 1) . In these properties, soybeans in the harvest and maize, sorghum and millet or fallow after the main harvest (succession or late harvest) predominate.
Field survey was conducted in three evaluation periods: before desiccation for soybean crop implementation; prior to the first application of postemergence herbicides in the soybean crop, at 20 days after sowing; and Weed phytosociological and floristic survey in agricultural ... prior to the application of postemergence herbicide, at 20 days after the implementation of late harvest, or in a fallow area. Weeds were inventoried from the random release of hollow frames in sample areas, and phytosociological analysis was based on the method by Braun-Blanquet (1979) . The hollow frames were made of 0.5 m PVC, which acted as sample units. Weeds present in the frames were cut close to the ground and taken to a laboratory for identification and accounting of the number of individuals per species. After botanical identification, they were placed in paper bags to determine the shoot dry matter by drying in a forced ventilation oven at 65 o C for 72 hours and weighed on a precision scale.
Descriptive analysis of the species found in the areas was conducted through grouping the structural data to calculate the general phytosociological parameters of the study. The importance value index was considered as the main parameter for discussions about severity and species occurrence.
From the quantification of weeds by species and determination of dry biomass, one proceeded to the descriptive analysis, calculating the absolute and relative values of density (D and RDe), frequency (F, RF), dominance (ADo and RDo), and importance value index (IVI), following the same methods used by Adegas et al. (2010) and Corrêia et al. In the results were presented only the relative values of these indexes. The determination of the floristic composition was done from the phytosociological survey. The Shannon-Wiener (H') diversity indexes, Simpson (D) diversity and equitability (E') for number of individuals were calculated with software PC-ORD 6.1 (McCune & Mefford, 2011) , according to the expressions below:
where: Pi = probability of importance of the i species (i species relativized by the total of species in the sample).
Floristic comparison of the relevant species was also held among the different treatments by using the Sorensen (1972) coefficient of similarity, according to the following expression:
where: SDI= Sørensen-Dice similarity index; A = no. of species of area 1; B = no. of species of area 2; and C = no. of species common to areas 1 and 2.
RESULTS AND DISCUSSION

Phytosociological survey
In the phytosociological survey, the families that had the highest number of collected weeds, in descending order, were: Poaceae, Asteraceae, Euphorbiaceae, Fabaceae, Commelinaceae, Amaranthaceae, Convolvulaceae, Malvaceae, Cyperaceae and Caesalpiniaceae (Table 2 ). These ten families corresponded to 96% of the number of individuals. These same families, except for Caesalpiniaceae, were also the most representative in importance value. Regarding the weight in shoot dry matter, which expresses the dominance of each family or species within the community, the highlights, in descending order, were families Poaceae, Asteraceae, Amaranthaceae, Malvaceae, Euphorbiaceae, Commelinaceae, Fabaceae, Smilacaceae, Menispermaceae, and Cyperaceae.
As for the species, Cenchrus echinatus had the greatest number of individuals, dominance and importance value, followed by voluntary or harvested soybeans (Table 3) . Because of the importance of the second crop Weed phytosociological and floristic survey in agricultural ... 
Floristic composition
As for the floristic composition, 79 species were recorded, belonging to 28 families and 58 botanical genera (Tables 4 and 5 ). The distribution by classes consisted of 59 species, Rubiaceae. Families Amaranthaceae, Convolvulaceae, Cyperaceae, Lamiaceae, Caesalpiniaceae, Myrtaceae and Polygonaceae presented two species each. The other families (13 of the total) contributed with a single species. In sunflower cultivation in Goiás, Adegas et al. (2010) have recorded 41 species distributed in 13 botanical families. Of this total, 24 species were equal to the ones in the present study. For the same crop grown in Brazilian state Rio Grande do Sul, these authors have cataloged 37 species and 15 families, of which 14 species were similar to those of this survey.
Families Asteraceae, Poaceae and Euphorbiaceae were the ones that contributed the largest number of species in sunflower crops in Brazilian municipalities Chapadão do Céu, Jataí and Montividiu, in Goiás (Brighenti et al., 2003 , Adegas et al., 2010 . These families were also representative in the soybeans rotated with maize and rice in Brazilian state Roraima (Cruz et al., 2009 ). These latter authors state that Asteraceae and Poaceae are the two main families of existing weeds in the cerrado, being present in different grain production systems, sugarcane, floodplain fields exploitation and pastures.
Regarding the distribution of species per genera, those which have contributed in greater diversity were: Sida, Smilax, Cissampelos, Digitaria, Bidens, Conyza, Ipomoea, Cyperus, Crotalaria, Pennisetum, Rumex and Spermacoce. The other genera, 48 of the total, had only a single species. As for the aforementioned genera, it should be highlighted that there was no mention about the Smilax genus incidence in areas of agricultural crops in the cerrado.
As for the distribution of the number of species per treatment, the combination RR soybean + millet presented the highest number (44 species), followed by RR soybean + maize (43), RR soybean + sorghum (40), conventional soybean + maize (38), RR soybean + fallow (35), conventional soybean + millet (30) and conventional soybean + sorghum (18) (Figure 1 ).
It was observed that for glyphosate-tolerant soybeans, regardless of the succession culture, the highest diversity of species was recorded in relation to conventional soybean fields. These data contradict some studies that show that successive applications of glyphosate reduce the diversity of the weed community. However, it is known that, in conventional soybeans, herbicides used are repeated year after year and primarily consist of an associated application of ALS inhibitors with Protox inhibitors, followed by an application of ACCase inhibitor. That is, the characteristics of the species selection factor are only changed.
As for the distribution of species by seasons, the RR soybeans + millet treatment had the highest number of species (39) in the first evaluation (pre-planting desiccation), followed by RR soybean + maize (38), conventional soybean + maize (36), RR soybean + sorghum (34), RR soybean + fallow (31), conventional soybean + millet (27), and conventional soybean + sorghum (16) (Figure 2 ). In the second evaluation (period prior to the postemergence herbicide application), the RR soybean + maize treatment showed the greatest number of species (16 of the total). Regarding the third evaluation (late harvest), for treatments RR soybean + millet, RR soybean + sorghum and conventional soybean + millet, 14 species were recorded, followed by conventional soybean + maize (13), RR soybean + maize (12), RR soybean + fallow, and conventional soybean + sorghum (11). Weed phytosociological and floristic survey in agricultural ...
It is noteworthy that in sorghum, regardless of the type of soybeans and evaluation time, there was less diversity of species. In these areas, the predominance of the C. echinatus species was noted in the period prior to desiccation for soybean seeding. Soil cover by the species in question, along with sorghum stover on the surface, may cause allelopathy (Vidal & Trezzi, 2004) and has influenced the smaller number of species in the study area. Additionally, sorghum presents limitation of grass herbicides for use in postemergence (Archangelo et al., 2002; Dan et al., 2010) , which favors the simultaneous development of the C. echinatus species with the culture, and its spread in the growing area.
Greater diversity of weeds was noted in the first evaluation, which is justified by the longer period without herbicide application. In southwestern Goiás agricultural areas, the absence of cultivation from June/July to October/November because of low rainfall is observed. Furthermore, the stover on the surface from the late harvest cultures in many cases is not sufficient to suppress the emergence of weeds at this time. The species with the highest importance values in the first evaluation were A. tenella, B. subalternans, C. echinatus, C. hirta, C. benghalensis, C. canadensis, E. heterophyla, P. pauciflora, S. glaziovii, and S. rhombifolia. Although the number of species has decreased in the second evaluation period (main crop), some remained as predominant in the areas analyzed, which stood out in importance: A. tenella, B. subalternans, C. echinatus, C. hirta, C. benghalensis, C. bonariensis, C. difformis, E. indica, E. heterophyla and I. grandifolia. Other species persisted in the third evaluation (late harvest), behaving as most important: C. echinatus, G. max (voluntary), C. benghalensis, E. indica, D. horizontalis, A. tenella, E. heterophyla, B. subalternans, I. cordifolia, and S. obtusifolia , regardless of the late harvest.
Floristic similarity
In floristic comparison, it was found that treatments conventional soybean + maize and conventional soybeans and millet had a higher similarity index, with 70% of the species common to these production systems (Table 6 ). Twenty-five species were similar in these treatments, as follows: . tenella, B. subalternans, C. canadensis, G. coarctatum, P. pauciflora, T. procumbens, C. benghalensis, I. cordifolia, I. grandifolia, C. difformis, C. hirta, E. heterophylla, L. nepetifolia, S. obtusifolia, G . m a x, S. glaziovii, S. rhombifolia, Cissampelos sp2., C. echinatus, D. insularis, E. indica, P. maximum, P. setosum, S. parviflora and R. brasiliensis. Treatments RR soybean + millet and conventional soybeans + sorghum were those that showed less similarity (51% of common species). The similarity among treatments was greater than 50%, which for that index is considered a high percentage (Felfili & Venturoli, 2000) .
It is worth noting that in the floristic comparison, C. benghalensis and C. echinatus had wide distribution, as they were present in all treatments in the three evaluation periods. Species A. tenella, B. subalternans, T. procumbens, I. grandifolia, C. difformis, C. hirta, E. heterophylla, S. obtusifolia, G. max, S. glaziovii , and E. indica have also had widespread occurrence, being observed in all treatments in at least one of the evaluation times.
It is noteworthy that, from these species common to the seven treatments, B. subalternans and C. hirta were present in six treatments in all evaluation periods. Species A. tenella was found in five treatments (RR soybean + maize, RR soybean + millet, RR soybean + sorghum, RR soybean + fallow, and conventional soybean + millet). On the other hand, Euphorbia heterophylla was observed in four treatments (RR soybean + maize, RR soybean + sorghum, conventional soybean + maize and conventional soybean + sorghum).
Other five species (C. bonariensis, P. pauciflora, S. rhombifolia, D. horizontalis, and S. parviflora) were recorded in six of the seven treatments , and A. viridis, C. canadensis, G. coarctatum, I. cordifolia, M. coromandelianum, D. insularis, P. maximum, and P. setosum in five treatments, regardless of the evaluation period. Twenty-eight species were endemic to only one treatment, with changes in evaluation periods.
Of the species recorded in this study, it was observed that Benghal dayflower (C. benghalensis), asthma plant, asthma weed, asthmaplant, cat's hair, flowery headed spurge, garden spurge, hairy spurge, Jean Roberts, old blood, pill bearing spurge, pillbearing spurge, pillpod sandmat, pillpod spurge, Queensland asthma weed, red euphorbia, red milkweed, snake weed, snakeweed, sneeze weed, or spurge (Chamaesyce hirta), joyweeds (Alternanthera tenella), Indian goosegrass, wiregrass, or crowfootgrass (E. indica), (Mexican) fireplant, painted euphorbia, Japanese poinsettia, desert poinsettia, wild poinsettia, fire on the mountain, paintedleaf, painted spurge, milkweed, and kaliko plant (E. heterophylla), morning glory, sweet potato, bindweed, moonflower, etc. (Ipomoea spp.), coat buttons or tridax daisy (T. procumbens), horseweed (C o n y z a spp.), sourgrass (D. insularis), tropical Mexican clover, Brazilian calla-lily, white-eye, for Brazil pusley (R. brasiliensis), buttonweed (S. latifolia), shrubby false buttonweed (S. verticilata), straggler daisy (S. grisebachii), and beggarticks, black jack, burr marigolds, cobbler's pegs, Spanish needles, stickseeds, tickseeds, or tickseed sunflowers (Bidens spp.) are often occurring in soybean cropping systems. It is noteworthy that in Brazil and other countries such as Argentina and the United States, these species have been reported as tolerant or glyphosate resistant (Papa et al., 2002; Culpepper, 2006; Heap, 2015) .
Regarding diversity and equitability (Table 6 ), these indexes are used to analyze each area or treatment due to the variety of species and for comparison of similarity among treatments. This information provides important elements for the understanding of the occurrence of species interactions according to the selection of the management system and the practices in the areas (Concenço et al., 2013) .
In this study, soybeans RR + maize treatment had higher equitability (0.85), which depicts a lower number of dominant species or with high relative abundance, showing greater species variability. Also in this treatment higher values of the ShannonWiener and Simpson diversity indexes were found: 1.86 and 0.79, respectively.
The cultivation system involving conventional soybean + sorghum had the lowest average values of equitability and differences, showing that a small number of species predominates in these areas. It was expected that fallow sites in the late harvest period presented the highest diversity, which was not observed. This treatment was positioned as intermediate regarding equitability (0,81), Shannon-Wiener (1,64) diversity and Simpson (0,73) for number of individuals. In fallow areas, predominance of species such as southern sandspur or southern sandbur (Cenchrus echinatus) and joyweeds (Alternanthera tenella), covering the soil surface has also been observed.
Assessing five treatments in the Brazilian city of Dourados, MS, Concenço et al. (2013) have found Shannon-Wiener and Simpson indexes in the areas of maize succeeding soybeans of 3.11 and 0.83, respectively. The diversity data for the maize + signalgrass treatment recorded by these authors and the RR soybean + maize treatment of this study showed similar values for Simpson index (0.79).
Areas with RR soybean crops had greater species diversity in relation to areas with conventional soybeans. Sites with genetically modified soybean in succession with maize had fewer dominant species, i.e., greater diversity. As for sites with conventional soybeans + sorghum in succession, there was low variability, and a few dominant species occurring.
Species C. echinatus and C. benghalensis were the ones of higher incidence. Other 11 species (A. tenella, B. subalternans, T. procumbens, I. grandifolia, C. difformis, C. hirta, E. heterophylla, S. obtusifolia, G. max, S. glaziovii, and E. indica) have also shown widespread occurrence, since they were recorded in RR soybean fields and in conventional soybean sites, irrespective of the type of second crop culture.
Field surveys allowed to verify the qualitative and quantitative differences in the weed communities analyzed. In the glyphosate-tolerant soybeans cultivation sites, a higher number of species was recorded. In the areas of late harvest sorghum, dominance of a small number of species was evident. Unwieldy species were recorded in all farming systems analyzed. These species must be observed prior to chemical, mechanical or cultural management decisions in the study area.
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